.s- Internationa! Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



[Si] Irxtssrrjstsosisi Fates* CSasssScatsorj ? : 

C07K V26, 14/47, 14/76, 16/06, S604, 
B0O> 71/74 



j (11) Irutcmatkwal Ihibiicatiors Kamber-. WO 00/61607 

(43) International Publication Date: f 9 October 2000 (i9. 1 0.00} 



(21) lateraaiiasiai App5icatiori N'ussher: PCI7AU0(>7Q0308 

(22) Jnl«raa«o«a! SSiag Date: i '2 April 2(500 (52.04.00) 



1 2 April 1999 (52.04.99) 



(71) Applicant: GRADIPORE UMITED [AU/AU]; Riverside Cor- 

porate Park, 35-505 Delhi Read, North Ryee, NSW 25 S3 
(AU). 

(72) Inventors: GO.BHRT, Andrew, Mark; 62 Vimiera Road, North 

Kv<jc. \ZW CAi.n. CGNi.AN. Bwixton fends: 

15 Mirrcy Street, Eastwood. NSW 2122 (AU). NAR. 
Chenkrheri, Hanhar&n; ! Combara Avenue. Castle Hi!!. 
NSW 2554 (AU). 



(74) Agesii: F B RICE & CO; < 
2045 (AU). 



5 i>ar:ii>g Street, Balmaio. NSW 



(81) Obsignated States: AE, AG, AL, AM, Al', AU, AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR, CU, CZ. DE, DK, DM. 
I>Z, EB. FS, Fi, GB. 00, til.-.. OH. GZ ;5tt. HU, iZ. ■(... 
IN', !S. i?, KG. KG. KP. KR, KZ, LC, LK. L8, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO. N2, PL. PT, 
SO, SU, SB, SE, SG, SI, SK. SL, TJ, TM, TR, IT, TZ, 
UA GO. t'Z. vn, Yl>, ZA. ZV.'. aRSPO »»eRt (OH. CM. 
KZ, L.S. MW. 3D, SI , SZ. TZ. GO. ZV. O, Hur.i-^. s^.cn: 
: AM AZ 55 V. KG, KZ. Mil ?ZG. Ti, TVG. ?7.i-ropcaii nster.t 
(AT, BE, CH, CY, DE, DK, BS, F!. PR, GB, OR. IE, !T, 
LU, MC, NL, PT, SB). OA?? t^»n: (BP, Bi. CF, CO, CL 
CM, OA, ON, GW, ML, MR. NE. SN, TO, TG). 



(54) TRie: SEPARATION OF PLASMA COMPONENTS 
(57) Abstract 

A method for separating components from plasma, the meshod comprising <{) separating th< i - - ar d second „t,.„puw « 

' <, , " ^ N v i ( i \u " 5f 

U-> »!'\ ! M { Mt, It ' < i fs I ~ , t v, 

j <. oic « I 1 ' ' ( uI 

] second electfophoretic separation m^mb 5 ^ * r r jgJobuiins cor-cc; it. 

npo rt-Ls i;a\ - v ^ i 

c t f H>U t 1 v - o .. ' ' ' " * 

t i , , ;!o \ , g « _ , - - j$::!S.!>-S-ftn! rypst 

so j ve hr< * ft " et ^ K ' - s ~ 1 ' 



FOR THE PURPOSES OF INFOSMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing intensions; applications under 







ESS 




IS 




S5 


\. vt:>JS 






H 




Vt 


U&uania 














U) 






At.: 

AZ 








LV 




sk 


Sv.-.>z:'.->:::t 


ArsrSaya:! 




UBjitti SGsgiora 


MC 




TG 


Chsd 


BA 








M» 


Repcbik of Mokicvs 




BES 


Sarbacks; 






MC 


Madajascsj 


n 










Guises 


MX 


't"he foanei Yugosisv 


TM 




BF 










iispui>i>c of Macedonia 






r>c; 


Su:gaTH) 






Mi. 


vm 






si 






Mff 


MoagoHa 


UA 


if 




:L 




MS 




uc> 




sy 




is 




MW 


Matawi 












My 


MX 


Mexico 


uz- 


\.;Ax.xr.:x» 




t.V::^ :i:-p;-.!-."!!i- 






WK 


N'iger 




Vis; Nan: 


CG 






S&nya 






YU 


YugiSiovis 




Kyrgyjstan 


NO 






Xim&shwt 


O 


CSis a'!soi:r 


KP 


Bfnxxratic Ffcojile's 


NX 


Mew 2«aisnd 






CM 






Republic of Kara 


PL 


Poland 






ON 




KR 


Republic of Korea 


FT 


Pwugai 










K2 




RO 


RoBsxnis 






CZ 
OE 


CsweH St-wibik- 


i.C 

u 


UccNeMMvn 


S» 


R.jssifJ> FfefcnMion 
Sedan 






OK 
ECS 


gsttwu 


LK 


Sri i.anfcs 
Liberia 


SE 
SG 


Siogxporc 







WO Q0tt2697 



KrT/AUOO/00398 



Separation of Plasma Gosapoaeuts 

Te chnical Fie ld 

The present invention relates to the separation of biomolecules from 
plasma, particularly human plasma. 
5 Backgroun d Art 

Human plasma contains approximately 3000 proteins with a variety of 
functions and potential therapeutic uses. Tight control of plasma available 
for blood fractionation means that the supply of important therapeutic agents 
like IgG -is severely curtailed. This together with methodology which ends in 
10 very low yields and takes three to five days contributes to the international 
shortfall of major plasma fractions, 

The present inventors have found that rapid isolation times, high 
recoveries and high-resolution make Gradiflow™ technology a viable 
alternative purification technology to conventional Cohn precipitation and 
15 column chromatography [Horvath SZ, Corthals GL, Wrigley CW and Margolis 
I Multifunctional apparatus for electrokinetic processing of proteins. 
Electrophoresis 1994; 15: 968], 

Albumin and IgG both have enormous importance in medicine and 
therefore are of considerable commercial value. Albumin alone has an 
20 estimated annual global market value of SUSl.5 billion |SG Ccwem 
Perspectives Blood Transfusion Industry, October 1998, pp 54], 
Conventional purification protocols are cumbersome and expensive with low 
yields and long processing times [Allen PC, Hill EA, Stokes AM in Plasma 
Proteins Analytical and Preparative Techniques, Blackwell Scientific 
25 Publications, London 1977, pp. 182-189J. 

Albumin is the most abundant protein component (50 mg/mL) in 
human plasma and functions to maintain whole blood volume and oncotic 
pressure. Albumin also regulates the transport of protein, fatty acids, 
hormones and drugs [Alien PC, Hill EA, Stokes AM in Plasma Proteins 
30 Analytical and Preparative Techniques, Blackwell Scientific Publications, 

London 1977, pp. 182-189]. Clinical uses include blood volume replacement 
during surgery, treatment of shock, serious bums and other medical 
emergencies and the stabilisation of other pharmaceutical products. 

Albumin has a molecular mass of 87 kDa and an isoelectric voird {pi} 
35 of approximately 4.9. The protein comprises of a single subunit and is 
globular in shape (Andersson LO, in Blomback B, Lars HA (Eds), Plasma 
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Proteins, A Wiley Interscience Publication New York, 1979, pp 43-45]. 
Conventional purification schemes use the Cohn ethanol precipitation 
method and result in only 50% recovery. 

Immunoglobulin G (IgG) is the most abundant of the 
5 immunoglobulins, representing almost 70% of the total immunoglobulin 

component in human serum. The concentration of IgG in norma! plasma is 
approximately 10 mg/mL [Bennich H in Blomback B, Lars HA (Eds), Plasma 
Proteins, A Wiley Interscience Publication New York, 1979, pp 122]. The IgG 
plays an essential role in the immune response and have clinical uses 

10 including treatment of snake and spider bites, neurological disorders and IgG 
is commonly used in analytical or diagnostic kits. 

The gamma-globulins have a molecular mass of approximately 150 kDa 
and consist of four chains, two of which axe light and two of which are heavy 
[Bennich H in Blomback B, Lars HA (Eds). Plasma Proteins, A Wiley 

15 Interscience Publication New York, 1979, pp 1221. Immunoglobulins are 
traditionally isolated using Cohn ethanol precipitation or alternatively 
affinity chromatography [Allen PC, Hill ISA, Stokes AM in Plasma Proteins 
Analytical and Preparative Techniques, Blackwell Scientific Publications, 
London 1977, pp, 178], 

20 Alpha- 1-antitrypsin is an acid glycoprotein of 54 kDa with an 

isoelectric point of 4.8 and is used in the treatment of hereditary emphysema 
[Allen PC, Hill EA, Stokes AM in Plasma Proteins Analytical and Preparative 
Techniques, Blackwell Scientific Publications, London 1977, pp. 210-211]. 
Conventional purification schemes utilise a combination of Cohn 

25 fractionation and column chromatography with the major difficulty being the 
removal of albumin from ^antitrypsin preparations fAilen PC, Hill EA, 
Stokes AM in Plasma Proteins Analytical and Preparative Techniques, 
Blackwell Scientific Publications, London 1977, pp. 212]. Current 
production schemes provide a yield of approximately 30% and much of this 

SO is contaminated with albumin. The present inventors have adapted 

Gradiflow™ to provide an alternative technique for producing highly pure a- 
1-antitrypsin with a yield of above 70%. This strategy also exemplifies 
Gradiflow™ technology's use in isolating protease inhibitors. 
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Gradifiow™ Technology 

Gradiflow™ technology utilises molecular characteristics of size and 
charge to isolate protein (Horvath SZ, Gorthals GL, Wrigley CW and Margolis 
J . Multifunctional apparatus for electrokinetic processing of proteins, 

5 Electrophoresis 1994: 15: 968] with the resolution of two-dimensional 

electrophoresis and the throughput of preparative chromatography. Proteins 
exist as charged molecules above or below their isoelectric point (pi). In the 
Gradifiow™ the net charge on a macromoiecuie is controlled by the choice of 
buffer pH. The proteins are separated in an electric field by charge and/or 

10 size differences. Some examples of Gradiflow™ technology may he found in 
US Patent Numbers 5039388 and 5650055, which US Patents are 
incorporated herein by reference. 

The present inventors have found that the Gradiflow - * technology can 
be adapted to purify a number of different biomolecular components from 

15 plasma. The present inventors have devised methodology for the rapid 

isolation of albumin, IgG and a-l-antiirypsin from a single volume of plasma 
in a four-phase process with high yield and low cost. 
Disclosure of Invention 

In a general aspect, the present invention relates to the sequential 

20 separation of a number of biomolecules present in a plasma sample using 
four major separation phases or processes. 

In a first aspect, the present invention relates to a method for 
separating components from plasma, the method comprising the phases: 
(I) separating the plasma into a first and second component by causing 

25 the first component to move through a first electrophoretic separation 

membrane under the influence of an electric potential, the first component 
comprising an albumin/a- 1-anti trypsin pool and the second component 
comprising plasma containing components having a molecular mass greater 
than albumin; 

30 (II) treating the second component under the influence of an electric 

potential in the presence of a second electrophoretic separation membrane to 
form an immunoglobulins concentrate containing immunoglobulins 
substantially free from components having a molecular mass less than 
iramunogiob ulins ; 

35 (10) treating the immunoglobulins concentrate under the influence of an 
electric potential in the presence of a third electrophoretic separation 
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membrane to remove components having a molecular mass greater than 
immunoglobulins; and 

(TV) separating albumm and a-l-antitrypsin from the albumin/a- i~ 
antitrypsin pool by causing a-l-antitrypsin to move through a fourth 
5 electrophoretic separation membrane under the influence of an electric 
potential 

Fhme I - Removal of albumin, a-l-antitrypsin and small contaminants 
Preferably phase ! comprises the steps: 

(a) placing the plasma in a 8rst solvent stream, the first solvent stream 
10 being separated from a second solvent stream by a first electrophoretic 

separation membrane having a molecular mass cut-off less than the 
molecular mass of albumin and a restriction membrane having a molecular 
mass cut-off less than the first electrophoretic separation membrane; 

(b) selecting a buffer for the first solvent stream having a pH greater than 
15 the pi of albumin; 

(c) applying an electric potential between the two solvent streams causing 
movement of albumin and a-l-antitrypsin through the first electrophoretic 
membrane into the second solvent stream while biomoiecules having a 
molecular mass greater than albumin and a-l-antitrypsin are substantially 

20 retained in the first solvent stream, or if entering the first electrophoresis 
membrane, being substantially prevented from passing through the first 
electrophoresis membrane, wherein biomoiecules in the plasma having a 
molecular mass less than albumin and a-l-antitrypsin are caused to move 
through the first separation membrane and the restriction membranes to a 

25 waste collection; 

(d) optionally, periodically stopping and reversing the electric potential to 
cause movement of biomoiecules having a molecular mass greater than 
albumin and a-l-antitrypsin having entered the first electrophoresis 
membrane io move back into the first solvent stream, wherein substantially 

30 not causing any albumin or a-l-antitrypsin that have entered the second 
solvent stream to re-enter first solvent stream; 

(e) maintaining steps (c} and optionally (d) until the desired amount of 
albumin and a-l-antitrypsin have been collected as an aibumin/a-1- 

anti trypsin pool and biomoiecules having a molecular mass less than 
35 albumin and a-l-antitrypsin have been removed from the first solvent stream 
to form a treated plasma; 
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Phase II - Removal of large contaminants 

Preferably phase H comprises the steps: 
(ft placing the treated plasnia in a third solvent stream, the third solvent 
stream being separated from a fourth solvent stream by a second 
5 electrcphoreiie separation membrane having a molecular mass cut-off less 
than the molecular mass of immunoglobulins; 

(gj selecting a buffer for the third solvent stream having a pH above 
neutral; 

(hi applying an electric potential between the third and fourth solvent 
10 streams causing movement of bioraolecules having a molecular mass less 
that that of immunoglobulins in the treated plasma through the second 
electrophoretic separation membrane into the fourth solvent stream while 
immunoglobulins and other bioraolecules having a molecular mass greater 
than immunoglobulins are substantially retained in the third solvent stream, 
15 or if entering the second electrophoresis separation membrane, being 

substantially prevented from passing through the second electrophoresis 
separation membrane; 

(i) optionally, periodically stopping and reversing the electric potential to 
cause movement of immunoglobulins and other bioraolecules having a 

20 molecular mass greater than immunoglobulins having entered the second 
electrophoresis separation membrane to move back into the third solvent 
stream, wherein substantially not causing any biomoleculss having a 
molecular mass less than immunoglobulins that have entered the fourth 
solvent stream to re-enter third solvent stream; 

25 (]*} maintaining steps (h) and optional (i) until the desired amount of 

hlomolecules having a molecular mass less than immunoglobulins have been 
removed from the third upstream to form an immunoglobulins concentrate; 
(k) removing the biornolecules from the fourth solvent stream; 
Phase m - Separation of immunoglobulins 

(1) replacing the second electrophoretic separation membrane with a third 
electrophoretic separation membrane having a molecular mass cut-off greater 
than the molecular mass of immunoglobulins; 

(mj selecting a buffer for the immunoglobulins concentrate having a pH 
35 below neutral: 
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(n) applying an electric potential between the immunoglobulins 
concentrate in the third solvent stream and a fresh fourth solvent stream 
causing movement of immunoglobulins in the immunoglobulins concentrate 
in the third solvent stream through the third electrophoretie separation 

5 membrane into the fresh fourth solvent stream while biomolecules having a 
molecular mass greater than immunoglobulins are substantially retained in 
the third solvent stream, or if entering the third electrophoresis separation 
membrane, being substantially prevented from passing through the third 
electrophoresis separation membrane; 

10 (o) optionally, periodically stopping and reversing the electric potential to 
cause movement of biomolecules having a molecular mass greater than 
immunoglobulins having entered the third electrophoresis membrane to 
move back into the treated third solvent stream, wherein substantially not 
causing any immunoglobulins that has entered the fresh fourth solvent 

15 stream to re-enter treated third solvent stream; 

(p) maintaining steps (n) and optional (o) until the desired amount of 
immunoglobulins have been moved to the fresh fourth downstream; 
Phase IV- Separation of albumin from a- 2 -antitrypsin 
Preferably phase IV comprises the steps: 

20 (q) placing the albumin/a- 1-anti trypsin concentrate in a fifth solvent 

stream, the fifth solvent stream being separated from a sixth solvent stream 
by a fourth electrophoretie separation membrane having a molecular mass 
cut-off less than the molecular mass of albumin; 

(r) selecting a buffer for the fifth solvent stream having a pH greater than 
25 neutral; 

(si applying an electric potential between the fifth and sixth solvent 
streams causing movement of a-1 -antitrypsin through the fourth 
electrophoresis separation membrane into the sixth solvent stream while 
albumin is substantially retained in the fifth solvent stream, or if entering the 

30 fourth electrophoresis separation membrane, being substantially prevented 
from passing through the fourth electrophoresis separation membrane; 
{%} optionally., periodically stopping and reversing the electric potential to 
cause movement of albumin having entered the fourth electrophoresis 
separation membrane to move back into the fifth solvent stream, wherein 

35 substantially not causing any a- 1-anti trypsin that has entered the sixth 
solvent stream to re-enter the fifth solvent stream; and 
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(u) maintaining steps ($} and optionally (t) until the desired amount of 
albumin remains in the fifth solvent stream and the desired amount of a-'l- 
antitrypsin has have been removed to the sixth solvent stream. 

As the present invention is directed to the sequential separation of a 

5 number of components from plasma, phase IV comprising steps (q) to (u) can 
be carried out before phase II comprising steps (f) to (p). Phase I, the initial 
steps (a) to (e) produces two products, namely albuniin/a-l-antitrypsin pool 
in the downstream and treated plasma in the upstream. Each of these two 
products are processed further to produce isolated immunoglobulins, 

10 albumin and a-l-anti trypsin. 

Preferably, albumin, immunoglobulins and a-1 -antitrypsin are 
separated from a pooled human plasma sample. 

The present invention is particularly suited for the separation of 
immunoglobulin G (IgG). 

15 Preferably, the first electrophoresis separation membrane of step (a) 

has molecular mass cut-off of about 75 kDa and the restriction membrane has 
a molecular mass cut off of about 50 kDa. Additional membranes may be 
positioned before, between or after the separation and restriction membranes 
to further enhance the separation method. 

20 Preferably, the buffer in step (b) has a pH of about 9. A Tris-borate 

buffer has been found to be particularly suitable for this separation. It will 
be appreciated, however, that other buffers having a suitable pH range would 
also be suitable. 

Preferably the second electrophoresis separation membrane of step (f) 
25 has a molecular mass cut-off of about 200 kDa. The third electrophoresis 
separation membrane of step (!) preferably has a molecular mass cut-off of 
about 500 kDa. 

Preferably, the buffer of the third solvent stream in step (g) has a pH of 
about 9 and the buffer of the treated third solvent stream of step fm) has a pH 
30 of less than about 5 , more preferably about pH 4.6. 

Preferably, the fourth electrophoresis separation membrane of step (q) 
has molecular mass cut-off of about 50 kDa. 

Preferably, the buffer in step (r) has a pH of about 8.0. A Tris-borate 
buffer has been found to be particularly suitable for this separation. It will 
35 be appreciated, however, that other buffers having a suitable pH range would 
also be suitable. 
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A potential of 250 volts has been found to be suitable for the 
separation process. Other voltages, higher or lower, would also be suitable 
for the present invention depending on the separation membrane(s) used, 
volume of plasma or treated materials to be processed and the speed of 
5 separation required. 

Preferably, the first and second solvent streams form part of a first 
Gradifiow™ apparatus and the third and fourth solvent streams form part of a 
second Gradiflow™ apparatus. 

The purified albumin may be concentrated using a Gradiflow n< system 
10 incorporating an electrophoresis separation membrane having a molecular 
mass cut-off less than the molecular mass of albumin in a pH of greater than 
8, preferably about pH 8.4. 

The benefits of the method according to the first aspect of the present 
invention are the possibility of scale-up without adversely altering the 
15 properties of the plasma components being separated. 

The method according to the present invention results in yields of 
albumin, immunoglobulins, preferably IgG, and a-l-antitrypsin from plasma 
of at least 70% with a purity of at least 90% from pooled samples of plasma. 
The method according to the present invention results in substantially 
20 purified or isolated albumin, immunoglobulins, preferably IgG, and cc-1- 

antitrypsin from plasma in less than 1 day, preferably in less than 12 hours, 
and more preferably in less than 6 hours. The speed of separation and purity 
of the final components {albumin, immunoglobulins, preferably IgG, and a-1- 
anti trypsin) provides a great advance over the prior art methods. Not only 
25 does the method allow the processing of one sample of plasma to obtain three 
major components (albumin, immunoglobulins, preferably IgG, and a-I- 
antitrypsin), the method is fast and extremely efficient. 

In a second aspect, the present invention relates to use of Gradifiow'" 
in the purification and/or separation of albumin, immunoglobulins, 
30 preferably IgG, and a-l-antitrypsin from plasma. 

In a third aspect, the present invention relates to albumin, 
immunoglobulins, preferably IgG, and a-l-antitrypsin purified by the method 
according to the first aspect of the present invention. 

In a fourth aspect, the present invention relates to use of albumin, 
35 immunoglobulins, preferably IgG, and a-l-antitrypsin according to the third 
aspect of the present invention in medical and veterinary applications. 
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The purification of individual components of plasma is an important 
illustration of the power of Gradiflow 7 * in isolating products from complex 
biological solutions. 

Throughout this specification, unless the context requires otherwise, 
the word "comprise", or variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated element, integer or step, or 
group of elements, integers or steps, but not. the exclusion of any other 
element, integer or step, or group of elements, integers or steps. 

In order that the present invention may be more clearly understood 
preferred forms will be described with reference to the following drawings. 
Brief DescriptiojLoQ3rawiBg5 

Figure 1, 8-16% non-reduced sodium dodecyl sulphate polyaciylamide 
gel electrophoresis (SDS PAGE) gel. Albumin was isolated from plasma (lane 
2} by its migration through the 75 kDa separation membrane into the 
downstream (lanes 5-10). Smaller molecular weight contaminants dissipated 
through the 50 kDa restriction membrane. Albumin was harvested at 30 
minute intervals for a total of 180 minutes. Residual plasma proteins were 
retained in the upstream (lane 3) for subsequent IgG purification. 

Figure 2, size exclusion high performance liquid chromatography 
(KPLC). Albumin prepared using Gradiflow™ technology was compared with 
a commercial therapeutic preparation. HFLG was performed using a 
Shimadzu SCL-10A V? ITPLC system in combination with a ZORBAX GF 250 
4.6 x 250 mm analytical column. Samples were ran at pH 7, 100 mM 
phosphate butter containing 200 mM NaCl. 

Figure 3, 4-20% reduced SDS PAGE gel. Residual plasma proteins 
from the albumin isolation {lane 3) were further fractionated in a two-phase 
process, the first of which removes contaminants of less than 200 kDa. The 
second phase transferred the IgG component from the upstream to the 
downstream where it wa s < oncei t j 1 I i c 3-6 

Figure 4, Western analysis of a 4-20% reduced SDS PAGE gel. The 
product from phase 2 of the purification was Western blotted ana incubated 
with DAKO anti-immunoglobulin antibody. The stained bands indicate that 
multiple immur globui a.? Ill s were s ted iron lasma. Further 
processing of the sample would allow individual families to be purified. 

Figure 5, Non-reduced SDS PAGE phorstix. GradiOow™ purified IgG 
preparation was compared with a commercial therapeutic preparation. 
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Figure 6, 8-16% non-reduced SDS PAGE. Alpha-1 -antitrypsin was 
isolated from GradiSow™ purified albumin (lane 2) by its migration through 
the 50 kDa separation membrane into the downstream (lanes 7-9). Aipha-1- 
aniitrypsin was harvested at. 80 minute intervals for a total of 180 minutes. 
5 Residual albumin was retained in the upstream (lanes 3-5). 

Figure 7, Western analysis of 8-18% non-reduced SDS PAGE. Alpha- 1- 
antitrypsin was isolated from Gradiflow™ purified albumin (lane 1} by its 
migration through the 50 kDa separation membrane into the downstream 
(lanes 6-8). 

10 Figure 8, cc-t-aniitrypsin functional analysis. Alpha-l-antitrypsin 

biological activity was investigated using a chromogenic elastase inhibition 
assay. Gradiflow™ a- 1 -antitrypsin fractions showed activity, in contrast to 
the residual albumin product. 
Modes for Carr yin g Out the Invention 

15 MATERIALS AND METHODS 
Eeageats 

All chemicals unless otherwise stated were provided by Sigma (St Louis, 
MO). Boric Acid was obtained from ICN (Costa Mesa, CA). Methanol was 
provided by Merck (Kilsyth; Vic), 
20 Tris-Borate (TB) Running Buffer: 

8.5 g trisma base, 1.275 g boric acid, deionised H 2 D to 1 L, pH 9.0, 

Tris-Borate (TB) Running Buffer: 
7.74 g trisma base, 11.87 g boric acid, deionised H 2 0 to 1 L, pK 8.0. 

GABA-Acetic Acid Running Buffer: 
25 3.185 g GABA, 1.08 mL acetic Acid, deionised H 2 0 to 1 L, pH 4.8. 

Gradipore Glycine Sample Buffer: 
10% (w/v) SDS, 2.0 mL glycerol 0.1% (w/vj bromophenol blue, 0.5 M tris-HCi 
(pH 8.8), deionised H 2 0 to 10 mL. 

Dithiothreitoi (DTT): 
30 3 rug DTT per 1 ml methanol 

SDS Glycine Running Buffer: 
2.9 g tris base, 14.4 g glycine, 1 g SDS, deionised H z O to 1 L, pH 8.3. 

Towbin buffer: 

25 xnM tris, 192 mM glycine, 20% methanol deionised K 2 0, pH 8.3. 
35 Phosphate Buffered Saline (PBS): 

9 g NaCl, 0.2 g KH 2 P0 4 , 2.9 g Na 2 HP0 4> 2 g KCl deionised H 2 0 to i L. pH 7.2. 
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4-Chioro-l-nepthol (4CN): 3 mg 4CN per mi of methanol. 
Gradipure™: 

Coomassio Brilliant Blue < 1% w/v, anuriorhum sulphate - 10% w/v, 
orthophosphoric acid ~ 1% v/v, methanol ~ 20% v/v. 
Albumin Isolation 

Pooled norma! plasma was diluted one part in three with Tris-hcxate 
(TB) running buffer, pH S.O and placed in the upstream of Gradifiow™ 
apparatus. Albumin was isolated from platelet free plasma in a one-phase 
process using the charge of albumin at a pH above its isoelectric point and its 
molecular weight. A separation cartridge with a 75 kDa cut-off separation 
membrane was placed between two 50 kDa cut-off restriction membranes. 
Upon application of 250 volts across the separation unit, albumin was 
removed from higher molecular weight contaminants by its migration 
through the separation membrane whilst smaller molecular weight 
contaminants dissipated through the 50 kDa cut-off restriction membrane. 
Albumin was harvested at 30 minute intervals for a total of ISO minutes. 

The purity of the preparation was determined using SDS PAGE 
(Gradipore Tris-Glycine 8-18% gradient gels) and size exclusion KPLC. 

A Bromocrescl green kit (BCG) was supplied by Trace Scientific 
(Clayton, Melbourne, Australia} and was used to determine albumin 
concentration throughout the isolation procedure [Doumas BT, Watson WA, 
Briggs HG. Albumin standards and the measurement of serum albumin with 
bromocresol green. Clin. Chimin, Acta, 31 {1971} p. B7}. Analysis was 
performed according to manufacturer's instructions. 
Immunoglobulin (IgG) Isolate 

The upstream residual from the albumin isolation was further 
processed using a 200 kDa cut-off separation cartridge together with a 113 
running buffer, pH 9.0. A potential of 250 volts was applied across the 
separation unit for 1 hour. A membrane of this size, in combination with the 
low charge to mass ratio of IgG at pH 9, restricts IgG migration whilst 
allowing smaller molecular weight contaminants to pass through the 
membrane, leaving IgG and higher molecular weight contaminants in the 
upstream. A second purification phase ivas carried out at pH 4.8 using a 500 
kDa cut-off separation membrane for 2 hours. IgG migrated through the 
separation membrane when 250 volts reversed polarity potential was applied, 
leaving other high molecular weight contaminants upstream. 



Western blot analysis was carried out as described by Towbin et al 
(1979) fTowbin H, Staehelin T and Gordon J. Electrophoretie transfer of 
proteins from polyaciylaraide gels to nitrocellulose sheets: procedure and 
some applications. Proc Natl Acad Sci USA 1979; 76: 43501 on selected SDS 

5 gels. Blotting filter paper and nitrocellulose blotting membrane were pre- 
soaked in Towbin buffer for 60 minutes. Protein transfer was performed in 
serai-dry blotting apparatus (Macquarie University, Sydney, Australia) at 12V 
for 90 minutes. The membrane was washed with PBS for 5 minutes, blocked 
with 1% skim milk in PBS for 10 minutes. The membrane was stained with 

10 20 pi rabbit anti-human IgA, IgG, JgM, Kappa, Lambda conjugated to 
horseradish peroxidase (HR?) in 10 mL 1% skim milk solution for 80 
minutes. The stain was developed with 4CN diluted one part in five in PBS 
to a volume of 10 mL and 10 uL H 2 0 2 . Development of the blot occurred 
within 30 minutes. 

15 a'l'Aatitcypsitt Isolation 

The downstream product of the albumin purification was further 
processed using a 50 kDA cut-off separation membrane together with a TB 
running buffer, pH 8.0. A potential of 250 volts was applied across the 
separation unit for 3 hours. The a- 1 -antitrypsin was transferred to the 

20 downstream where It was harvested hourly. Further purified albumin 

remained upstream. Samples were analysed for purity using SDS PAGE. 

Western blot analysis was carried out as described by Towbin et al 
(1979) fFo whin H, Staehelin T and Gordon J. Eiectrophorstic transfer of 
proteins from pclyacryiamide gels to nitrocellulose sheets: procedure and 

25 some applications. Proc Natl Acad Sci USA 1979; 76: 4350] on selected SDS 
gels. Blotting filter paper and nitrocellulose blotting membrane were pre- 
soaked in Towbin buffer for 80 minutes. Protein transfer was performed in 
semi -dry blotting apparatus (Biorad) at 15V for 60 minutes. The membrane 
was washed with PBS for 5 minutes, blocked with 1% skim milk in PBS/0.1% 

30 Tween 20 (v/v) for 10 minutes. The membrane was incubated with 10 uL 
monoclonal anti-human a-l-antitsypsin {Biodesign, Clone number 1102} in 
10 mL 1% skim milk solution for 60 minutes. The membrane was then 
tagged with DAKO rabbit anti-mouse HRP conjugate in 1% skim milk 
solution for 60 minutes. The membrane was developed with 4CN diluted 

35 one part in five in PBS to a volume of 10 mL and 10 uL H 2 0 : >. Development 
of the blot occurred within 30 minutes. 
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Alpha-l-anti trypsin recovery was measured using a Behring 
Nephelometer 100 Analyzer (Dade Behring, Marburg, Germany). Assays 
were performed using rabbit anti-human ot-l-antitrypsin nephelometry 
reagent (Bade Behring OSAZ 15] and carried out according to manufacturer's 
5 instruction. 

Alpha- 1-antitrypsm functionality was investigated using chromogenic 
elastase neutralisation assay. Elastase was diluted 1:1, 1:5, 1:10, 1:20, 1:40, 
i:80 ; 1:160, 1:320 wife pH 8.0 buffer (N.B. the stock elastase from Sigma was 
32 U/mi). Fifty ul of each elastase dilution was added to 50 ul of a-1- 
10 antitrypsin sample, and shaken for 15 minutes. A control set of samples was 
also prepared in which each elastase dilution was combined with an equal 
volume of running buffer. Twenty yd of each mixture was pipetted into wells 
of a flat bottom microtitre plate, and 150 ui of the Pefa-ELA substrate 
(Pentapbarm Basel, Switzerland) freshly diluted 1:100 with pH 8.0 buffer 
15 added. (N.B. each vial is reconstituted with 1 mi of DMSO and stored at 
+4°Q. Colour development was monitored at 37°C in a plate reader 
(Versamax, Molecular Devices) for 2 hours at a wavelength of 405nm. The 
kinetic analysis was made by calculating the Vmax over 20 points for each 
well. Plots of Vmax against elastase concentration were made on a log-log 
20 scale. The linear section of the plot was extrapolated to the x-axis to derive 
the concentration of antitrypsin in terms of elastase neutralisation units. 

Albumin contamination was investigated using a Bromocresol green kit 
(BCG) supplied by Trace Scientific (Clayton, Melbourne, Australia] [Doumas 
BT, Watson WA, Briggs HG. Albumin standards and the measurement of 
25 serum albumin with bromocresol green. Clin. Chimin. Acta, 31 (1971) p. 871 
Analysis was 'performed according to manufacturers instructions. 

Anti-tkrombm HI contamination was investigated using an ELISA 
assay. One hundred pL Heparin {1.5 mg/mL) was bound to a flat-bottomed 
microtitre plate overnight. The plate was washed three time with 250 uL 
30 PBS/Tween 20 (0.1% v/v) before application of 50 pL anti-throrabin HI 
standards (Sigma, St Louis, MO}» 50 pL upstream and 50 pi downstream 
satnoles (1:10 PBS/Tween 20). The plate was incubated at room temperature 
for 1 hour and washed, again with PBS/Tween 20. Fifty uL BAKO rabbit anti- 
human anti-thrombin III (1:1000 PBS/Tween 20) was applied and the plate 
35 incubated for a further 1 hour. The plate was then washed and 50 uL DAKO 
goat anti rabbit HEP conjugate applied. Washing of the plate and 
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development using 100 uL o-toiuidine followed incubation of the plate for X 
hour. Development was stopped using 50 hL 3M HC1. The plate was read at 
450nm and the samples compared to the generated standard curve. 

SDS PACE fLaemmli U. Cleavage of structural proteins during the 
5 assembly of the head of bacteriophage T4. Nature 1970; 227: 680-685] was 
performed using Tris-glycine-SDS running buffer. SDS PAGE samples were 
prepared using 40 ul Gradipore glycine sample buffer, 10 uL DTT, 50 uL 
sample and were boiled for 5 minutes. SDS PAGE was run at 150 Volts for 90 
minutes. 

!0 All SDS PAGE gels were stained with Gradipure 1 " (Gradipore, Sydney, 

Australia). 

HPLC was performed using a Shimadzu SCL-1GA VP HPLC system in 
combination with a ZGRBAX GF 250 4.5 x 250 mm analytical column. 
Samples were ran at pH 7, 100 mM phosphate buffer containing 200 mM 

15 NaCl. 

RESULTS 
Albumis Isolation 

The one step purification procedure was successful in producing 
albumin that was greater than 95% pure with a recovery of 72%. The SDS 

20 PAGE in Figure 1 illustrates the purification procedure.. Albumin was 

isolated from plasma {lane 2) by its migration through the 75 kDa separation 
membrane into the downstream [lanes 5-10). Smaller molecular weight 
contaminants dissipated through fee 50 kDa restriction membrane. Albumin 
was harvested at 30 minute intervals for a total of ISO minutes. Residual 

25 plasma proteins were retained in the upstream (lane 3) for subsequent IgG 
purification albumin was isolated from plasma with single peak purity and 
compared with a commercially available therapeutic product (Figure 2). 
Albumin prepared using Gradiflow™ technology was compared with a 
commercial therapeutic preparation. HPLC was performed using a Shiraadzu 

30 SCL-10A VP HPLC system in combination with a ZORSAX GF 250 4.6 x 250 
mm analytical column. Samples were run at pH 7, 100 mM phosphate buffer 
containing 200 mM NaCl The entire purification phase took only 3 hours in 
duration, illustrating the rapidity of the method. The processing of the 
albumin preparation in the isolation of a-l-antitrypsin further increased trie 

35 purity of the Gradtfiow albumin product. 
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Immunoglobulin {IgG} Isolation 

The processing of the residual upstream from the albumin separation 
decreased the waste of important plasma components through the process. 
Furthermore., the running time of the IgG isolation was decreased due to the 
removal of albumin in the first purification phase. Figures 3 and 4 show 
reduced SDS PAGE and a corresponding Western blot analyses illustrating 
the presence of the characteristic heavy and light chains of IgG. Residual 
plasma proteins from the albumin isolation (lane 3) were further fractionated 
in a two-phase process, the first of which removes contaminants of less than 
200 kDa. The second phase transferred the IgG component from the 
upstream to the downstream where it was concentrated (lanes 3-8). The 
product from phase 2 of the purification was Western blotted and incubated 
with DAKO antiimmunoglobulin antibody. The stained bands indicate that 
multiple immunoglobulin families were isolated from plasma (Figure 4). The 
purity of the immunoglobulin product was determined as 95-100% (Figure 5) 
using PAGE phoretix. Gradiilow* 8 purified IgG preparation was compared 
with a commercial therapeutic preparation and showed similar parity and 
characteristics. 

Further processing of the product would allow specific 
immunoglobulin families to be isolated in the process, increasing the purity 
of the specific groups. Immunoglobulin yi&\d was determined using HFLG 
and calculated to be greater than 75%. 
a- 1 -Antitrypsin Isolation 

a- 1 -Antitrypsin was purified from the Gradiflow™ purified albumin 
preparation with a recovery of 73%. Figure 8 illustrates the purity of <x-l- 
antitrypsin obtainable using the present invention and in combination with 
the retention of biological activity provides a demonstration of the ability to 
purify functional proteins using Gradiflow™ technology. Alpha- 1-antitrypsin 
was isolated from Gradiflow"" purified albumin (lane 2} by its migration 
through the 50 kDa separation membrane into the downstream (lanes 7-9}. 
Alpha-i-aniitrypsm was harvested at 80 minute intervals for a total of 180 
minutes. Residual albumin was retained in the upstream (lanes 3-5). The 
removal of a- l-anti trypsin from the albumin preparation resulted in higher 
purity albumin and also minimised the time of isolation of cx-l-antitrypsin. 
The other advantage of processing Gradiflow™ fractions was the reduction in 
waste of important plasma proteins. The retention of a- l-anti trypsin activity 
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was demonstrated by its ability to inhibit elastase activity. No detectable 
activity remained in the albumin preparation. 

Figure 7 shows Western analysis of 8-18% non-reduced SOS PAGE. 
A!pha-l-anti trypsin was isolated from Gradiflow™ purified albumin (lane 1} 
by its migration through the 50 kDa separation membrane into the 
downstream (lanes 8-8). Figure 8 shows a-l-antitrypsin functional analysis 
where a-l-antitrypsin biological activity was investigated using a 
carcinogenic elastase inhibition assay. Gradiflow™ purified a -1 -antitrypsin 
fractions showed activity, in contrast to me residual albumin product. 

Albumin contamination of the active a-l-antitrypsin product was 
demonstrated to be at most 0.061 mg/mL. The need for extra albumin 
decontamination steps using conventional isolation techniques is minimal 
The absence of anti-thrombin HI from the a-l-antitrypsin preparation further 
illustrated the exceptional resolution of Gradiflow technology. 
Simultaneous Separations 

Current methods for plasma protein separation involve the use ofCohn 
fractionation, which can take from 3^5 days to separate proteins into their 
purified form. Using the Gradiflow™ technology it is possible to 
substantially reduce the separation time from three days to three hours. By 
linking several Gradiflow" machines in succession it is possible to 
simultaneously separate several proteins to single band purity from plasma in 
the same three hour period required to separate each individual protein. By 
linking several Gradiflow™ apparatus together in series, the plasma can be 
separated into several different fractions with different purified proteins ^ 
being collected into separate streams. Linear scalability of the Gradiflow* 
allows the separation of multiple numbers of proteins in a single three hour 
period rather than a minimum of two to three hours per protein if only one 
machine is used. 

Plasma, suitably diluted, is placed into the first stream in a first 
apparatus and separated through a 200 kDa separation membrane. The 
selection of the separation membrane in this step has two functions. This 
membrane pore size allows ail the albumin and a-l-antitrypsin to pass 
downstream where the two proteins can be further purified. Furthermore, 
this membrane allows all protein contaminants under 200 kDa to be removed 
from the immunoglobulins and other high molecular mass components 
which are retained in the first stream. 
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A second Gradiflow™ apparatus containing an 80 kDa separation 
membrane is used to process the downstream from the first apparatus. This 
membrane allows only albumin and a-l-antitrypsin to pass through into a 
third downstream whilst all larger contaminants are held in the second 

5 stream. A third apparatus which contains a 40 kDa separation membrane is 
connected to the second apparatus to process the third downstream 
containing albumin and a-l-antitrypsin. The selection of this membrane 
prevents the transfer of albumin from the third stream but allows the a-1- 
antitrypsin to pass through where it is collected in a fourth stream. 

10 Following this separation, substantially pure albumin remains in the third 
stream and substantially pure a-l-antitrypsin is collected in the fourth 
stream. 

Once albumin and a- i-anti trypsin have been separated into their 
separate streams, third and fourth consecutively, IgG can then be separated 

15 from the treated first stream. This is achieved by disconnecting the first 
apparatus from the second and third apparatus and changing the pH of the 
buffer. A pH 4.8 GAB A/Acetic acid buffer is suitable and the potential is 
reversed as per the protocol for a normal second phase IgG separation. 

All three proteins, albumin. a-l-antitrypsin, and IgG, can be separated 

20 to single band purity with over 80% yield using the coupled apparatus. Both 
albumin and a-l-antitrypsin take about three hours to purify whilst IgG takes 
several hours longer due to the need to separate the three apparatus once the 
albumin and a-l-antitrypsin have been separated. 
CONCLUSIONS 

25 A method to rapidly purify albumin, IgG and a-l-antitrypsin from a 

single volume of plasma has been established. The minimisation of waste 
and the removal of various processing steps including ethanol precipitation 
and ultra-filtration demonstrate the potential of Gradiflow™ technology in 
the large-scale purification of blood proteins. Optimisation of the process 

30 would allow the removal of specific families and even species of the 

immunoglobulins. Further processing of Gradiflow 15 ' waste fractions may 
allow the removal of many other important plasma molecules, providing a 
means by which to maximise the potential of plasma as a biopharmaceutical 
source. The high specificity of Gradiflow*" technology could allow specific 

35 molecules to be targeted and removed by applying suitable strategies. 



It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to fee invention as shown ir 
the specific embodiments without departing from the spirit or scope of th 
invention as broadly described. The present embodiments are, therefore, 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A method for separating components from plasma, the method 
comprising the phases:. 

(I) separating the plasma into a first and second component by causing 
the first, component to move through a first electrophoretic separation 
membrane under the influence of an electric potential, the first component 
comprising an albunurva-l-anti trypsin pool and the second component 
comprising plasma containing components having a molecular mass greater 
than albumin; 

(H) treating the second component under the influence of an electric 
potential in the presence of a second electrophoretic separation membrane to 
form an immunoglobulins concentrate containing immunoglobulins 
substantially free from components having a molecular mass less than 
immunoglobulins ; 

(HI) treating the immunoglobulins concentrate under the influence of an 
electric potential in the presence of a third electrophoretic separation 
membrane to remove components having a molecular mass greater than 
immunoglobulins-, and 

(XV) separating albumin and a-l-antitrypsin from the aibumin/a-l- 
antitrypsin pool by causing a-l-antitrypsin to move through a fourth 
electrophoretic separation membrane under the influence of an electric 
potential. 

2. The method according to claim 1 wherein phase I comprises the steps: 

(a) placing the plasma in a first solvent stream, the first solvent stream 
being separated from a second solvent stream by a first electrophoretic 
separation membrane having a molecular mass cut-off less than the 
molecular mass of albumin and a restriction membrane having a molecular 
mass cut-off less than the first electrophoretic separation membrane; 

(b) selecting a buffer for the first solvent stream having a pH greater than 
the pi of albumin: 

(c) applying an electric potential between the two solvent streams causing 
movement of albumin and a-t-antitrypsin through the first electrophoretic 
membrane into the second solvent stream while biomolecules having a 
molecular mass greater than albumin and a-l-antitrypsin are substantially 
retained in the first solvent stream, or if entering the first electrophoresis 
membrane, being substantially prevented from passing through the first 
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electrophoresis membrane, wherein biomolecules in the plasma having a 
molecular mass less than albumin and a-l-antitrypsin are caused to move 
through the first separation membrane and the restriction membranes to a 

waste collection; 

5 (cl) optionally, periodically stopping and reversing the electric potential to 
cause movement of biomolecules having a molecular mass greater than 
albumin and a-l-antitrypsin having entered the first electrophoresis 
membrane to move back into the first solvent stream, wherein substantially 
not causing any albumin or a-t-antitrypsin that have entered the second 
1 0 solvent stream to re-enter first solvent stream; 

(e) maintaining steps (c) and optionally (d) until the desired amount of 
albumin and a-l-antitrypsin have been collected as an albumin/a- 1- 
antitrypsin pool and biomolecules having a molecular mass less than 
albumin and a-i-antitrypsin have been removed from the first solvent stream 

IS to form a treated plasma; 

3. The method according to claim 1 wherein phase H comprises the steps: 

(f) placing the treated plasma in a third solvent stream, the third solvent 
stream being separated from a fourth solvent stream by a second 
electrophoretic separation membrane having a molecular mass cut-off less 

20 than the molecular mass of immunoglobulins; 

(g) selecting a buffer for the third solvent stream having a pH above 
neutral; 

(h) applying an electric potential between the third and fourth solvent 
streams causing movement of biomolecules having a molecular mass less 

25 that that of immunoglobulins in the iie&ted plasma through the second 

electrophoretic separation membrane into the fourth solvent stream while 
immunoglobulins and other biomolecules having a molecular mass greater 
than immunoglobulins are substantially retained in the third solvent stream, 
or if entering the second electrophoresis separation membrane, being 

30 substantially prevented from passing through the second electrophoresis 
separation membrane; 

(i) optionally, periodically stopping and reversing the electric potential to 
cause movement of immunoglobulins and other biomolecules having a 
molecular mass greater than immunoglobulins having entered the second 

35 electrophoresis separation membrane to move back into the third solvent 
stream, wherein substantially not causing any biomolecules having a 
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molecular mass less than immunoglobulins that have entered the fourth 
solvent stream to re-enter third solvent stream; 

(j) maintaining steps (h) and optional (i) until the desired amount of 

biomolecules having a molecular mass less than immunoglobulins have been 

removed from the third upstream to form an immunoglobulins concentrate; 

(k) removing the biomolecules from the fourth solvent stream; 

4. The method according to claim 1 wherein phase m comprises the 

steps: 

( 1) replacing the second electrophoretic separation membrane with a third 
electrophoretic separation membrane having a molecular mass cut-off greater 
than the molecular mass of immunoglobulins; 

(m) selecting a buffer for the immunoglobulins concentrate having a pH 
below neutral; 

(n) applying an electric potential between the immunoglobulins 
concentrate in the third solvent stream and a fresh fourth solvent stream 
causing movement of immunoglobulins in the immunoglobulins concentrate 
in the third solvent stream through the third electrophoretic separation 
membrane into the fresh fourth solvent stream while biomolecules having a 
molecular mass greater than immunoglobulins are substantially retained in 
the third solvent stream, or if entering the third electrophoresis separation 
membrane, being substantially prevented from passing through the third 
electrophoresis separation membrane; 

(o) optionally, periodically stopping and reversing the electric potential to 
cause movement of biomolecules having a molecular mass greater than 
immunoglobulins having entered the third electrophoresis membrane to 
move back into the treated third solvent stream, wherein substantially not 
causing any immunoglobulins that has entered the fresh fourth solvent 
stream to re-enter treated third solvent stream; 

(p) maintaining steps (a) and optional (p) until the desired amount of 
immunoglobulins have been moved to the fresh fourth downstream; 
5 . The method according to claim l wherein phase IV comprises the 
steps: 

(q) placing the altmmin/a-l-antitrypsm concentrate in a fifth solvent 
stream, the fifth solvent stream being separated from a sixth solvent stream 
by a fourth electrophoretic separation membrane having a molecular mass 
cut-off less than the molecular mass of albumin; 
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(r) selecting a buffer for the fifth solvent stream having a pH greater than 
neutral; 

{&} applying an electric potential between the fifth and sixth solvent 
streams causing movement of a-l~antitrypsin through the fourth 
electrophoresis separation membrane into the sixth solvent stream while 
albumin is substantially retained in the fifth solvent stream, or if entering the 
fourth electrophoresis separation membrane, being substantially prevented 
from passing through the fourth electrophoresis separation membrane; 
(t) optionally, periodically stopping and reversing the electric potential to 
cause movement of albumin having entered the fourth electrophoresis 
separation membrane to move back into the fifth solvent stream, wherein 
substantially not causing any ce-l-antitrypsin that has entered the sixth 
solvent stream to re-enter the fifth solvent stream; and 
( U ) maintaining steps (s) and optionally ft) until the desired amount of 
albumin remains in the fifth solvent stream and the desired amount of a-1- 
anti trypsin has have been removed to the sixth solvent stream. 

6. The method according to claim 1, 2 or 5 wherein phase IV is carried 
out after phase I 

7. The method according to any one of claims l to 6 wherein the plasma 
is a pooled human plasma sample. 

8. The method according to claim 2 wherein the first electrophoresis 
separation membrane of step (a) has molecular mass cut-off of about 75 kDa 
and the restriction membrane has a molecular mass cut off of about 50 kDa, 

9. The method according to claim 2 wherein the buffer in step (b) has a 
pH of 9. 

10. The method according to claim 9 wherein the buffer is a Tris-borate 
buffer. 

11. The method according to claim 3 wherein the second electrophoresis 
separation membrane of step (fj has a molecular mass cut-off of 200 kDa. 

12 . The method according to claim 3 wherein the buffer of the third 
solvent stream in step (g) has a pH of 9. 

13. The method according to claim 4 wherein the third electrophoresis 
separation membrane of step (1) has a molecular mass cut-off of 500 kDa. 

14. The method according to claim 4 wherein the buffer of the 
immunoglobulins concentrate of step (m) has a pH of less than 5. 

15 . The method according to claim 14 wherein buffer has a of pH 4.8. 
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16. The method according to claim 5 wherein the fourth electrophoresis 
separation membrane of step (q) has molecular mass cut-off of about 50 kDa. 

17. The method according to claim 5 wherein the buffer of the fifth solvent 
stream in step (r) has a pH of 8.0. 

18. The method according to claim 17 wherein fee buffer is a Tris-borate 
buffer. 

IS. The method according to claim 2 wherein an electric potential of 250 
volts is applied in step (c). 

20. The method according to claim 3 wherein an electric potential ot 250 
volts is applied in stap (h). 

21. The method according to claim 4 wherein an electric potential of 250 
volts is applied in step (n). 

22. The method according to claim 5 wherein an electric potential of 250 
volts is applied in step (s). 

23 . The method according to any one of claims 1 to 22 wherein the 
immunoglobulins are immunoglobulin G {IgG). 

24. The method according to any one of claims 1 to 23 wherein yields of 
albumin, immunoglobulins and a-l-antitrypsin from plasma are at least 70% 
and purity of at least 80%. 

25. The method according to any one of claims 1 to 24 wherein albumin, 
immunoglobulins and a-l-antitrypsin are separated from plasma in less than 
iday. 

26. The method according to claim 25 wherein albumin, immunoglobulins 
and a-l-antitrypsin are separated from plasma in less than 12 hours. 

27. The method according to claim 25 wherein albumin, immunoglobulins 
and a-l-antitrypsin are separated from plasma in less than 6 hours. 

28. Use of Gradiflow™ technology in the purification and/or separation of 
albumin, immunoglobulins and a-l-antitrypsin from a pooled plasma sample. 

29. The use according to claim 28 wherein the immunoglobulins are 
immunoglobulin G (IgG). 

30. Isolated aibumin, immunoglobulins, and a~l -anti trypsin purified by 
the method according to any one of claims 1 to 27. 

31 . Isolated immunoglobulins according to claim 30 comprising 
immunoglobulin G (IgG). 

32. Use of albumin, immunoglobulins and a-l-antitrypsin according to 
claim 30 in medical and veterinary applications. 
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Figure 1: SDS PAGE analysis of Albumin isolation 
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Figsre 3: Reduced SDS PAGE analysis of IgO isolation. 
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Figure 4t Western blot analysis of IgG isolation. 
■ ~ 




2 _' .. 



wommmi 



PCI/Ai 00 



5/8 



Figure 5: Non-reduced SDS PAGE phoretsx of IgG isolation. 
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